The electrical conductivity of liquid binary LaBr 3 -alkali metal bromide mixtures was measured as function of the temperature over the whole composition range. Prior to these measurements, LaBr 3 was reinvestigated because of the discrepancies in the literature values. The classical Arrhenius equation did not stand for any individual mixture. These results were discussed in terms of complex formation in the melts.
Introduction
We have previously measured and reported the thermodynamic properties (temperatures and enthalpies of phase transitions, heat capacity) of lanthanide(III) bromides and of compounds formed in LnBr 3 -MBr binary systems (M = K, Rb, Cs; Ln = La [1, 2] , Nd [3 -6] and Tb [7] ). The mixing enthalpy was also measured over the whole composition range of all above LnBr 3 -MBr systems, including also M = Li and Na [8 -10] . As transport properties of molten salts are sensitive to their liquid structure, analysis of the electrical conductivity is a useful tool to attain structural information. The present paper follows previous electrical conductivity investigations on liquid NdBr 3 and NdBr 3 -MBr mixtures [11] and deals with LaBr 3 and LaBr 3 -MBr systems.
Experimental

Chemicals
The preparation of the chemicals was analogous to the one described in [11] for NdBr 3 -alkali bromide 
Measurements
Electrical conductivity measurements were carried out in a capillary quartz cell with the conductivity meter Tacussel CDM 230. The procedure is described in details in [6, 7] . The cell, filled with the substance under investigation, was placed into a furnace in a stainless steel block, used to achieve a uniform temperature. The conductivity of the melt was measured during increasing and decreasing temperature runs by platinum electrodes with the conductivity meter Tacussel CDM 230. The mean of these two conductivities was used in the calculations. Experimental runs were performed at heating and cooling rates ranged from 1 to 2 K min −1 . Temperature and conductivity data acquisition was made with a PC computer, interfaced to the conductivity meter. The temperature was measured with a Pt/Pt-Rh thermocouple with 1 K accuracy. The experimental cell was calibrated with a pure NaCl melt [7] . All measurements were carried out under static argon atmosphere. The accuracy of the measurements was about ±2%.
Results
Several authors [12 -14] have investigated the electrical conductivity of liquid LaBr 3 . The critically evaluated data reported by Janz et al. [15] were based on the early experimental work of Yaffe and van Artsdalen [12] . Although the latter evaluation and also Janz [16] , confirmed these previous recommended data, no other more recent data sources [13] have been examined for this purpose. It should be noted however that about 25% uncertainty was assessed to these recommended data. Therefore it seemed appropriate to perform new measurements, and at the same time to assess the reliability of all existing conductance data on LaBr 3 . Our experimental conductivity data were plotted against temperature (Fig. 1) together with literature data [12 -14] for comparison.
The electrical conductivity was also measured for all LaBr 3 -MBr mixtures. Experimental determinations were conducted over the entire composition range in steps of about 10 mol%. For all systems, κ of every individual mixture was plotted against temperature as ln(κ) = f (1/T ). All plots deviate from linearity (see example in Figure 2 ).
The experimental conductivity data were well represented by the following equation:
where A 0 , A 1 and A 2 are coefficients determined by the least-squares method. The activation energy, evaluated by analogy to the Arrhenius equation as
where R is the gas constant, becomes
All A i coefficients are listed in Table 2 , together with the E A values determined at 1060 K for all the LaBr 3 -MBr systems. Figure 3 reports, as an example, the evolution of the activation energy E A for the LaBr 3 -CsBr system, x(LaBr 3 ) = 0.504. The electrical conductivity of all the alkali bromides was measured and discussed by us previously [11] . These data are also included in Table 2 .
Discussion
The recommended conductivity values of liquid LaBr 3 ( Fig. 1) , reported by Janz [15] , deviate significantly from those of all other investigators [12 -14] . When compared to our results this difference ranges from 22% at 1060 K to 35% at 1130 K. Our results agree with the data of Dworkin et al. [13] within 3.5% in the temperature range examined by Dworkin, namely 1082 -1162 K. They are by about 8% larger than those reported for 1090 -1115 K by Fukushima and Iwadate [14] .
In Fig. 4 , for all systems, the experimental conductivity isotherms at 1060 K, covering the whole composition range, were plotted against the mole fraction of LaBr 3 . The electrical conductivity decreases with increasing radius of the alkali metal cation, i. e. from lithium to caesium. In all systems the relative conductivity changes are significantly larger in the alkali bromide-rich region. In the lanthanum(III) bromiderich region, the behaviour of the conductivity is somewhat more complicated. As shown in the insert of Fig. 4 , an addition of alkali bromide to LaBr 3 results in a smooth conductivity increase in the systems with LiBr and NaBr which becomes smaller in the KBr system, and transforms into a broad, not clearly marked minimum in the systems with RbBr and CsBr. As discussed earlier [11] , the dependence of the specific conductivity of binary mixtures on composition can be described by the Kuroda [17] 
where x 1 , x 2 are the mole fractions of pure salts, and κ 1 , κ 2 are the specific conductivity of LaBr 3 and MBr, respectively, with κ 1 < κ 2 . Experimental electrical conductivity data deviate significantly from (4), as illustrated in Figure 5 . These relative deviations were calculated from the equation
For the systems LaBr 3 -CsBr and LaBr 3 -RbBr they are negative over the whole composition range. In the LiBr, NaBr and KBr systems, negative deviations occured in the MBr-rich composition range, followed by positive deviations starting at increasing LaBr 3 content in the sequence Li > Na > K. Biggest deviations, both in the positive and negative regime, are observed for the LiBr system, suggesting a mechanism different from that in the two other NaBr and KBr mixtures. According to [18 -20] , marked negative electrical conductivity deviations from additivity are strongly indicative of complex formation. If only one complex species exists in the melt, the deviation is maximal at the composition corresponding to the stoichiometry of this complex. If several complex species exist, the location of the minimum may slightly deviate from the exact stoichometry of the predominant species.
Raman spectroscopic investigations [21] showed that octahedral LnBr 6 3− ions are formed in LnBr 3 -MBr liquid mixtures. These ions constitute the predominant species in the MBr-rich liquid mixtures. As the LnBr 3 concentration increases, distorted octahedra occurs, which are bridged by bromide anions. The formation of these LaBr 6 3− complexes should influence the electrical conductivity vs. composition plot given in Fig. 4 for all systems. On the deviation curves ( Fig. 5) these experimental results show a broad minimum located at lanthanum bromide mole fractions ranging 0.25 -0.40. For every system, the shift of the conductivity minimum from 25% LaBr 3 (composition that would correspond to LaBr 6 3− being the only complex species) towards richer composition, as also its broadening is consistent with the structural conclusion [21] that LaBr 6 3− octahedra generate and coexist with polymeric units of the same. A correlation can be made with previous calorimetric investigations of the same systems [8] . Negative for all, enthalpy of mixing exhibited a minimum beyond x(LaBr 3 ) = 0.25 and located around x(LaBr 3 ) = 0.3 -0.4, again in agreement with the above description of the melt in terms of complexes.
LaBr 3 -LiBr should proceed in another way, since complex formation fails to explain the very small enthalpy of mixing, thus suggesting a low probability of complex formation and, at the same time, large negative deviations of the electrical conductivity. A possible rationale may arise from the specific features of the small Li + cation in terms of polarisability [19] . When lanthanum bromide is added to the lithium bromide, the lithium ions coordinate an additional number of bromide ions at the expense of the lanthanum ions. This polarisation effect results in a large negative electrical conductivity departure from (4) . Similarly, but to a lesser extent, polarisation interactions also take place in the sodium bromide system, in which the global negative deviation also accounts for an increased (in comparison with the LiBr system) possibility of complex formation. In the systems with heavier alkali metal bromides (KBr, RbBr and CsBr) negative electrical conductivity deviations mostly arise from complex formation.
The deviations of electrical conductivity from (4) become positive at increasing LaBr 3 composition for the LiBr, NaBr and KBr-LaBr 3 systems (Fig. 5) . In those systems, as already indicated in the insert of Fig. 4 , a small addition of alkali bromide results in an electrical conductivity increase, indicating the disruption of associates in pure lanthanum(III) bromide. This effect is more marked for the most polarizing cations, i. e. from lithium to caesium, and the positive electrical conductivity deviations decrease in the same order from lithium to potassium, while the RbBr and CsBr systems only deviate negatively from (4).
As indicated above, the activation energy for conductivity changes with temperature in every individual mixture, validating the early statement made by Yaffe and van Artsdalen [22 -23] of a correlation with structural changes in melts. Figure 6 shows the activation energy at 1060 K as function of the composition of all systems. The LiBr and NaBr-LaBr 3 mixtures display a smooth concentration evolution, while in the KBr, RbBr and CsBr systems a stabilisation effect from about 25 mol% up to about 40 -50 mol% respectively, is observed. This is consistent with the predominant LaBr 6 3− octahedral complexes in melts rich in KBr, RbBr and CsBr with an increasing amount of polymeric species in the LaBr 3 -rich melts. Figure 6 also clearly illustrates that the activation energy increases with the alkali cationic radius in MBr-rich melts.
